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LFWIS RESEARCH CENTER IN 

MENTAL INVESTIGATIONS OF 

' The Pump Branch of t h e  Fluid Systems Components Division of Lewis 

il; esearch Center is  conducting a study of cavi ta t ion  as it occurs i n  t h e  

pumping of high-energy propellants (cryogenic l iqu ids)  used i n  chemical 

and nuclear rocket engines and alkali metals used i n  space-electric- 

power generation systems. 

study and lists and describes t h e  f a c i l i t i e s  and t h e  techniques u t i l i z e d  

t o  supply experimental input t o  program studies.  Tes t  f l u i d s  include 

/ 

This paper enumerates the  program areas of 

water, cryogenic l iqu ids ,  and a l k a l i  metals. I4 PrkfQa 

INTRODUCTION 

The material contained i n  t h i s  paper covers primarily the  experi- 

mental research on cavi ta t ion  i n  pmps current ly  being car r ied  out, or 

projected,  by the  Pump Branch of the Fluid Systems Components Division, 

Lewis Research Center. 

enon stems pr inc ipa l ly  from t h e  appl icat ion of pumps i n  flow systems of 

chemical and nuclear rocket engines u t i l i z i n g  t h e  high-energy (cryogenic) 

propel lants  and space-electric-power generation units employing alkali 

metals. 

In t e re s t  of t h i s  group i n  t h e  cavi ta t ion  phenom- 

I a,--=&- System Requirements 

11 ] s (? & a rocket engine system t h e  reduction i n  weight is  rea l ized  through 
~ 

/ t h e  lowering of tank pressures (pump net-posit ive suction head) and u t i l -  
* .  
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i z ing  high pump ro ta t ive  speeds. The high head r ise  required t o  produce 

a given pressure with a low spec i f ic  weight f l u i d  such as hydrogen coupled 

with a t rend toward increasing thrust  chamber pressures are addi t iona l  

reasons f o r  advocating high blade speeds. The fac tor  t h a t  limits the  ex- 

t e n t  t o  which low system pressures and high ro t a t ive  speeds may be ex- 

p lo i ted  i s  generally cavi ta t ion  through i t s  deleter ious e f f e c t s  on pump 

performance . 
Space-power generation systems considered herein include those u t i l -  

i z ing  high-temperature alkali metals as t h e  working f l u i d  i n  a Rankine 

cycle. The primary pump research problem i n  these systems is  t h a t  of 

avoiding or  a t  least control l ing cavi ta t ion damage t o  the  pump impellers 

and casings, pa r t i cu la r ly  i n  the  condensate r e tu rn  pump. Subcooling t h e  

working-fluid condensate below t h e  saturat ion temperature t o  provide a 

net pos i t ive  suction head f o r  t h e  pump increases t h e  s i ze  of t he  heat- 

r e j ec t ing  rad ia tor  and, therefore ,  the overa l l  weight of t he  system. A 

l imi ted  amount of subcooling w i l l  probably be required,  however, and i n  

addi t ion,  a pump inducer stage,  possibly a j e t  pump, w i l l  probably be 

required ahead of t h e  main condensate r e tu rn  pump. The degree of cavi ta-  

t i on ,  if any, t h a t  can be to l e ra t ed  i n  a pump ro to r  over an extended 

operating period without undue damage t o  s t r u c t u r a l  materials must be 

firmly established, as w e l l  as effect ive means of control l ing conditions 

leading t o  vapor formation. 

Cavitation may a l so  complicate tne  s t a r tup  sequence of this type of 

system, a boot-strap operation begun i n  space. A t  t he  low i n l e t  pres- 

sures cavi ta t ion  at  s t a r tup  w i l l  ce r ta in ly  be severe unless auxi l ia ry  

means are employed t o  control  it. 

ASW P 
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Research Problem Areas 

From considerations of system requirements, t he  following areas for 

fu r the r  study of cavi ta t ion  i n  turbomachinery are designated. 

Damage t o  s t r u c t u r a l  par ts .  - This includes an understanding of t h e  

mechanism causing damage, a correlat ion of damage occurring during pump 

operation with t h a t  induced by accelerated methods such as with magneto- 

s t r i c t i v e  devices, and a def in i t ion  of t h e  parameters (both hydrodynamic 

and metal lurgical)  a f fec t ing  damage. 

Ef fec ts  on performance charac te r i s t ics .  - Objectives of t h i s  phase 

are a b e t t e r  understanding of t h e  cavi ta t ion process, a knowledge of 

types of cavi ta t ion  incurred, t h e  e f f ec t s  of various flow and geometry 

parameters on cavi ta t ion  performance of inducers, and a b e t t e r  def ini-  

t i o n  of s t ab le  operating range. 

Scale effects .  - Scale e f f e c t s  have been defined as deviations from 

c l a s s i c a l  s i m i l a r i t y  Laws. 

toward a b e t t e r  understanding of scale e f f e c t s  due t o  physical  propert ies  

Studies conducted i n  t h i s  phase are directed 

of f l u i d s ,  dimensional s iz ing  (including blade t i p  clearance), and speed. 

Unsteady effects. - Under cer ta in  combimtions of flow and i n l e t  

pressure,  a highly unsteady form of cavi ta t ion  has been observed i n  pump 

mance, such cavi ta t ion  could become a source f o r  t r igger ing  i n s t a b i l i t i e s  

i n  t h e  system flow. Magnitudes and frequency of pressure and flow per- 

t i o n  parameters. 

A second phase of t h i s  study is concerned with t h e  exc i ta t ions  o r ig i -  

nat ing i n  the  system and being imposed upon pump flow. Changes i n  magni- 
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tude and/or phase of these system induced perturbations of f l o w  and 

pressure occurring from flow across the  pump w i l l  be observed and corre- 

l a t ed  with cavi ta t ion  parameters. 

. Effects of cav i ta t ion  on stage matching. - Multistage axial-flow 

pumps and inducer-centrifugal pump combinations are under study i n  t h i s  

area. 

FACILITIES AND TECHNIQUES 

Insofar as possible,  experimental input t o  meet program objectives 

is obtained using water as the  test  f l u i d .  Operation i n  water i s  eco- 

nomical, permits extended operating times, allows de ta i led  measurements 

of a l l  types, and is  conducive t o  visual izat ion techniques. 

Considerable evidence, however, has been advanced indicat ing that 

cavi ta t ion  e f f ec t s  as measured i n  water cannot be accurately r e l a t ed  t o  

those occurring i n  a d i f f e ren t  f l u i d  by means of s imi l a r i t y  laws. Con- 

sequently, concurrent investigations are conducted i n  both cryogenic 

l i qu ids  and a l k a l i  metals. The r e s u l t s  obtained from invest igat ions i n  

the l a t t e r  f l u i d s  are, i n  general, l imited by t h e  type and number of 

measurements that  can be taken, t h e  d i f f i c u l t y  i n  conducting visualiza- 

t i o n  s tudies ,  t he  hazardous nature o f  t he  f lu ids ,  the  l imi ta t ions  i n  

operating time ( f o r  cryogenic f iu ids j ,  and, at  the  extreme temperatures I 
I -  experienced, the  mechanical operating d i f f i c u l t i e s  encountered. 

Sumnary of F a c i l i t i e s  
I - I n  order t o  supply experimentai cav i ta t ion  da ta ,  t he  following fa- 

c i l i t i e s  are operated: 
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(1) T e s t  f a c i l i t i e s  using water 

(a) Cold-water-pump t e s t  f a c i l i t y  

(b )  Variable-temperature water-pump t e s t  f a c i l l t y  

( c )  Jet-pump f a c i l i t y  

( 2 )  Test f a c i l i t i e s  using cryogenic f l u i d s  

(a) Boiling-fluid liquid-hydrogen-pump tes t  f a c i l i t y  

(b)  High-flow liquid-hybogen-pump tes t  f a c i l i t y  

( c )  High-speed liquid-hydrogen-pump t e s t  f a c i l i t y  

(a) Liquid-oxygen-pump t e s t  f a c i l i t y  

(e )  Liquid-fluorine-pump t e s t  f a c i l i t y  

( 3 )  T e s t  f a c i l i t i e s  u t i l i z i n g  l iqu id  metals 

(a) High-pressure sodium-pump tes t  f a c i l i t y  

(b)  Low-pressure sodium-pump test  f a c i l i t y  

(4)  Miscellaneous f a c i l i t i e s  - these are test  in s t a l l a t ions  operated 

outa?lde of t h e  Pcrmp Branch but which provide usefu l  input information t o  

t h e  mrk of t h e  branch. 

(a) ventur i  test loop u t i l i z i n g  water 

(b) Venturi test loop u t i l i z i n g  cryogenic f l u i d s  

F a c i l i t y  Description and Techniques 

Goid-water-pump test f a c i l i t y .  - Tnis f a c i l i t y ,  usual ly  re fer red  t o  

i n  t h e  literature as t h e  Lewis water tunnel,  was first placed i n t o  opera- 

t i o n  i n  1958 and t o  date has supplied a l l  t h e  Lewis experimental data  on 

Ca-f i ta i ivn i n  pumps operating i n  water. A schematic diagram of the  com- 

ponents t h a t  compose t h e  system and t h e i r  loca t ion  is  presented i n  Fig. 1, 

and an overa l l  view of t he  tes t  f a c i l i t y  i s  preselrted i n  Fig. 2. 

capab i l i t i e s  of t h e  components are enumerated i n  table I. 

The 



The f a c i l i t y  serves several  purposes. F i r s t ,  w i t h  t h e  exception of 

cavi ta t ion  damage, basic  cavi ta t ion  information supporting a l l  the  objec- 

t i v e s  is  obtained. 

v i sua l iza t ion  methods, or instrumentation are developed herein before 

being applied t o  operation i n  cryogenic f l u i d s  or  a l k a l i  metals. 

Second, new o r  d i f fe ren t  operat ional  techniques, 

Performance data is obtained by r a d i a l l y  surveying flow conditions 

at t h e  i n l e t  and t h e  ou t l e t  of each individual blade row. The types of 

probes used t o  record r a d i a l  d i s t r ibu t ions  of t o t a l  pressure, s t a t i c  

pressure,  and angle are shown i n  Fig. 3. The probes are mounted i n  ac- 

t ua to r s  t h a t  move the sensing elements t o  a number of preprogrmed r a d i a l  

locations.  Each sensing element incorporates a null-balancing stream- 

d i r e c t  ion-sensit ive element t h a t  automatically a l i n e s  t h e  probe t o  the  

d i rec t ion  of flow. A l l  pressures are  measured with transducers and are 

recorded along with angle and r a d i a l  loca t ion  on paper tape  through a 

d i g i t i z i n g  potentiometer at a r a t e  s l i g h t l y  faster than 1 per second. 

Blade performance f o r  various modes of operation, both cavi ta t ing  

and noncavitating, i s  presented i n  terms of (1) r a d i a l  d i s t r ibu t ions  of 

flow conditions at blade i n l e t  and out le t ,  ( 2 )  performance across a se- 

l ec t ed  number of blade elements, and (3)  overa l l  performance, which i s  

obtaliied by Tritegrating iiie element perfunnance r e su i t s .  h exampie of 

tes t  r e s u l t s  from an inducer ro to r  presented i n  t h i s  form i s  shown i n  

Fig. 4. A more de ta i led  disc.ussion of t h i s  t e s t  f a c i l i t y ,  t es t  proce- 

A s igni f icant  port ion of cavi ta t ion research car r ied  on i n  t h i s  

f a c i l i t y  i s  devoted t o  visual izat ion techniques. Visual observations 

provide the  invest igator  w i t h  a physical p ic ture  of t h e  flow occurring 
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at various modes of operation and aid i n  the  se lec t ion  of flow models 

necessary t o  obtain ana ly t i ca l  expressions fo r  computing flow conditions 

throughout blade passages. 

Cavitation occurring i n  pump rotor  passages is photographed i n  

severa l  fashions. 

(1) Cavitation is photographed by means of a high-speed 16 m i l l i -  

meter camera u t i l i z i n g  a continuous l i g h t  source and a framing rate of 

6000 frames per second. This method provides a time h i s to ry  of t h e  

cavi ta t ion  process as w e l l  as an opportunity t o  v isua l ize  the cavi ta t ion  

occurring i n  successive blade passages. 
~- 

( 2 )  Cavitation is a l s o  photographed by u t i l i z i n g  a low-speed 16 m i l -  

limeter camera with a framing rate of approximately 24 frames per second 

111 conjunction with a stroboscopic l i gh t .  Blade motion is stopped, and 

photographs of t h e  same blade passage are obtained after a given number 

~~ of revolutions.  

(3) CavUtsltion may a l s o  be photographed by employing a 70 mill imeter 

camera t o  take s ingle  photographs at pa r t i cu la r  operating conditions where 

greater d e t a i l  of t h e  cavi ta t ion zones is  desired.  

Typical f i lm s t r i p s  i l l u s t r a t i n g  the  methods outlined and t h e  types of 

cavitatioii observed are shown i n  Figs. 5 t o  7. 

t h i s  technique are contained i n  references 1 and 2. 

Additional examples of 

A second method f o r  observing f l o w  pa t te rns  is  by means of tufts 

I?CXI~& on the caS;iiig as w e l l  US oii t h e  blades and the hub surface of 

t h e  r o t a t i n g  elements. The direct ion of t h e  tufts is  observed over a 

range of flow conditions and is recorded on f i lm  f o r  cor re la t ion  w i t h  
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performance r e s u l t s .  

shown i n  Figs. 8 t o  10. 

I l l u s t r a t ions  of t h i s  v isua l iza t ion  technique a r e  

Some preliminary attempts at visual izat ion through t h e  in jec t ion  of 

dyes such as nigrosive black and acid chrome blue in to  the  flow enter ing 

ro t a t ing  elements have been made. While there  is some promise f o r  t h i s  

method, addi t ional  e f f o r t s  are required before the  usefulness can be 

evaluated . 
High-response instrumentation t o  measure pressure and flow f luctua-  

t i ons  is incorporated i n t o  a l l  investigations conducted i n  t h i s  f a c i l i t y .  

The three types of probes considered thus far include the  high-response 

pressure transducer and t h e  ba r iumt i t ana te  c r y s t a l  f o r  measuring pres- 

sure f luc tua t ions  and t h e  thermistor f o r  observing flow f luctuat ions.  

The outputs of these probes a r e  reconded on oscil lographs,  vis icorders ,  

and magnetic tape. Examples of t he  type of data  obtained are presented 

i n  Fig. 11. 

The study of pump dynamic performance i n  which flow and pressure 

perturbat ions of control led frequency and magnitude are introduced i n t o  

t h e  flow at t h e  pump i n l e t  will be conducted i n  t h i s  f a c i l i t y .  

tempt w i l l  be made t o  determine what  changes i n  magnitude and phase oc- 

An at- 

c - u  during the f l o w  througn the  pump. 

Variable temperature water-pump tes t  f a c i l i t y .  - This t e s t  f a c i l i t y  

is cur ren t ly  under construction, and it is  an t ic ipa ted  tha t  operation 

W L A ~  UcE;Lil C W L Y  iii 1964. 13ie test-fiuld teuipi-uiure may  be varied from 

80' t o  450' F wiCh the corresponding var ia t ions  i n  the physical proper- 

t ies .  

data f o r  a study of sca l ing  due t o  physical propert ies  of l iquids .  

7.7411 La.":- ----I-- 

Thus, a primary function of t h i s  t e s t  f a c i l i t y  will be t o  provide 

One 
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model f o r  cavi ta t ion  s imi l a r i t y  assumes t h a t ,  w i t h  the  vapor and l i qu id  

i n  thermal equilibrium, cavi ta t ion  conditions are similar when the  r a t i o  

- 
of volume of vapor formed t o  volume o f ?  ' A '1 l i qu id  are 

t h e  same. 

physical properties.  

test f l u i d s  f o r  comparison with water at various temperature. 

This r a t i o ,  ca l led  the  B-factor ( 'Ref .  5 ) ,  is relate& t o  f l u i d  

a b l e  I1 lists the  values of B-factor of t yp ica l  

The technique, t h e  associated instrumentation, and t h e  recording 

devices used t o  obtain performance, v i s m l ' s t u d i e s ,  and unsteady flow 

measurements are similar t o  those used i n  t h e  cold-water f a c i l i t y  and 

discussed previously. A schematic diagram of the tes t  f a c i l i t y  i s  con- 

ta ined  i n  Fig. 1 2  and t h e  capabi l i t i es  of the test  loop and components 

noted. bn t ab le  I. 

Water-jet-pump tes t  f a c i l i t y .  - A water-jet-pmp program was i n i -  

tiated primarily t o  support t he  alkali-metals pump research e f f o r t  i n  

the  area of cavi ta t ion  control  through t h e  in jec t ion  of high-pressure 

l i q u i d  in to  the  low-pressure i n l e t  stream. I n  t h i s  f a c i l i t y  the  mixing 

phenomena both with and without cavi ta t ion and general jet-pump perfor- 

mance w i l l  be studied. The data generated w i l l  be used i n  t h e  design of 

configurations t o  be applied t o  high-temperature alkali-metal-pump tests. 

A schematic diagram of t h i s  f a c i l i t y  i s  shown i n  Fig. 13 and a 

sketch of a typ ica l  tes t  sect ion showing instrumentation locat ions i n  

Fig. 14. An ove ra l l  view of t he  t e s t  f a c i l i t y  is  shown i n  Fig. 15. I n  

addi t ion  t o  measured performance, considerable emphasis is  placed on 

v i sua l i za t ion  techniques including the use of dye inject ion.  

Boiling-fluid liquid-hydrogen-pump t e s t  r i g .  - This t e s t  f a c i l i t y  

was designed spec i f i ca l ly  f o r  t he  study of cavi ta t ion  i n  inducers oper- 
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a t i n g  with l i qu id  hydrogen. A cutaway view of t h e  t es t  loop appears i n  

Fig. 16. The pump test sect ion is  located at t h e  bottom of t h e  2500- 

gal lon vacuum-jacketed tank, and piping i s  designed such that flow from 

t h e  pump may be rec i rcu la ted  back in to  the  tank or  conducted t o  a re- 

ceiver tank. 

ing t h e  lucite-shrouded test section. 

Seven 8-inch diameter tubes a r e  used f o r  l i gh t ing  and view- 

All test operations are conducted manually from a remotely located 

control  center. 

employed. 

measurements obtained from f ixed  rakes, temperatures from carbon resis- 

Running times ranging from 5 t o  15 minutes are generally 

Pump performance is calculated from pressure ( t o t a l  and s t a t i c )  

t o r s ,  and NPSH from vapor bulbs (Ref. 6 ) .  Considerable development ef- 

f o r t  on flow-angle measuring devices Fmmersed i n  l i qu id  hydrogen is  also 

car r ied  on. 

preasure transducers. Visualization s tudies  u t i l i z e  the  same type cameras 

as used i n  water tests plus  closed-circuit  te levis ion.  To date, photo- 

graphs of hydrogen flow have not a t ta ined the high qua l i ty  of those ob- 

ta ined  of water flow. 

i n  t h i s  f a c i l i t y  include (1) d i f f i c u l t y  of ge t t ing  su f f i c i en t  l i g h t  through 

t h e  long tubes and on t h e  ro to r  i n l e t  flow being photographed, ( 2 )  op t i ca l  

c learness  and s i z e  of windows used - quartz windows w i t h  best op t i ca l  

c learness  a r e  extremely expensive, (3) vapor bubbles that form i n  the 

bottom of t h e  tank as t h e  tank pressure is  lowered and pass i n  f ron t  of 

%ne viewing windows, and ( 4 j  a cloud f o r m t i o n  t-at appears t o  form on 

t h e  pump l u c i t e  shroud a f t e r  a short period of operation and impairs 

v i s i o n  of the inducer flow. 

Unsteady pressure measurements are made with high-response 

Conditions that complicate v isua l iza t ion  techniques 
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To date, t h e  f a c i l i t y  has operated as a r e l a t i v e l y  low-speed, low- 

power test vehicle. 

t h e  improved cavi ta t ion  performance observed during operation i n  l i qu id  

hydrogen. 

performances measured from similar, o r  t h e  same, ro to r s  operating i n  

water supply input information t o  study the sca l ing  e f f ec t s  due t o  phys- 

ical  propert ies  of f lu ids .  Visualization techniques have indicated t h a t  

cav i ta t ion  i n  liquid-hydrogen pumps occurs i n  a d i f fe ren t  manner than 

that  commonly observed during operation with water, and these observa- 

- t i ons  have aided i n  the  se lec t ion  of flow models f o r  use i n  ana ly t i ca l  

The tes t  data  obtained i n  t h i s  f a c i l i t y  demonstrate 

Comparisons of t h i s  lat ter performance with t he  cavi ta t ion  

techniques f o r  ca lcu la t ing  two-phase flow pa t te rns  i n  inducer blade pas- 

sages. Invest igat ions have a l s o  been conducted t o  determine the a b i l i t y  

of an inducer t o  handle a boi l ing f lu id ,  that is, with no ex terna l  tank 

pressurization, both i n  rec i rcu la t ing  and tank pump-out, conditions. The 

latter data serves t o  determine "boost" pump capabi l i ty  f o r  appl ica t ion  

i n  f e a s i b i l i t y  s tudies .  

Two pro jec ts  planned f o r  t h i s  test f a c i l i t y  are i n s t a l l i n g  heaters 

t o  simulate heating due t o  radiat ion and t o  study pumping under these 

conditions and cooling l iqu id  hydrogen down t o  20' t o  25' R t o  study the  

p i i i ~ p i ~ g  of hy;i=ogeIi i n  ~ i u s h  form. 

Modifications are current ly  underway t o  increase the power, the  

speed, the flow rate, and the maximum system pressure capab i l i t i e s  of 

bills 1~~~~~ by. Cl-2 23- -3 7 3L-- Accordingly, b u i h  the present and t h e  pro jecteu capabi l i -  

t ies  of t h i s  test  f a c i l i t y  are enumerated i n  t a b l e  I. 

t i o n  of t h i s  f a c i l i t y  is given i n  reference 7. 

A de ta i l ed  descrip- 
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High-flow liquid-hydrogen-pump t e s t  f a c i l i t y .  - This t es t  f a c i l i t y  

accommodates t h e  high-flow, high-power liquid-hydrogen pumps such as in- 

ducer and cent r i fuga l  pump combinations and multistage axial-flow pumps. 

It is  an open-loop system, and the present tankage running times are rela- 

t i v e l y  short  (flow rate of 5000 gpn gives a running t i m e  of approximately 

l m i n ) .  

conducted automatically. Three ramp generators permit simultaneous and 

independent v61riation of any three parmeters (flow, speed, and NPSH) as 

desired. Overall performance, unsteady flow measurements, and s tage 

For t h i s  reason a complete tes t  procedure is  preprogramed and 

h t c h i n g  comprise t h e  input of t h i s  t e s t  f a c i l i t y  toward obtaining the 
- 

overa l l  object ives  of the  program. I n  addition, thrust-balancing devices 

and hydrogen-lubricated bearings a re  mechanical features studied i n  t h i s  

f a c i l i t y .  A schematic diagram of t h e  t es t  loop is shown i n  Fig. 1 7  and 

an ove ra l l  view of t h e  f a c i l i t y  i n  Fig. 18. 

High-speed liquid-hydrogen-pump tes t  f a c i l i t y .  - This high-speed, 

high-pressure t es t  f a c i l i t y  accommodates complete pump uni t s ,  t h a t  is, 

various combinations of a cavi ta t ing inducer and a high-pressure r ise  

producing cent r i fuga l  impeller. 

5 minutes are possible,  and a l l  tests are preprogramed and controlled 

With present tankage, tes t  runs of 4 t o  

automatically. Three ramp generators permit independent and simultaneous 

var ia t ions  of flow, speed, and NPSH (or system pressure) as desired. 

Some de ta i l ed  performance of t he  rotor  s tages  may be obtained. 

flow measurements w i l l  a l s o  be made. 

Unsteady 

A s  w i t h  a l l  f a c i l i t i e s , , t h e  data obtained from t h i s  f a c i l i t y  w i l l  

contr ibute  toward eventual rea l iza t ion  of more than one of the object ives  

of t h e  ove ra l l  program. A primary purpose of invest igat ions conducted i n  
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t h i s  t e s t  loop w i l l  be the  experimental study of s tage matching problems. 

Because of t h e  speed range capabi l i ty ,  s ca l e  e f f e c t s  due t o  speed w i l l  be 

examined, and unsteady flow e f fec t s  (pressure per turbat ions)  w i l l  be ob- 

served for  a range of speeds and modes of operation. 

pump and turbine employed herein a r e  matched un i t s ,  s t a r t u p  and accelera- 

Also, s ince t h e  

t i o n  t r ans i en t  cha rac t e r i s t i c s  w i l l  be studied. 

Research projected f o r  t h i s  t e s t  f a c i l i t y  includes the  incorporation 

of a boost pump with i t s  own drive uni t  i n  s e r i e s  w i t h  t he  high-speed 

inducer-centrifugal pump cambination. 

A schematic diagram of t h i s  t e s t  f a c i l i t y  i s  shown i n  Fig. 1 9  and 

f a c i l i t y  capab i l i t i e s  a r e  l i s t e d  i n  t a b l e  I. 

Liquid-oxygen- and liquid-fluorine-pump t e s t  f a c i l i t i e s .  - These 

two test f a c i l i t i e s  are discussed together because t h e i r  designs are 

similar and the  s ing le  schematic diagram shown i n  Fig- 20 w i l l  su f f i ce  

f o r  t h e  two f a c i l i t i e s .  

c i l i t y  is  shown i n  Fig. 21. 

a heat exchanger t o  maintain f l u i d  temperature and t o  permit extensive 

operating periods. Both t e s t  loops employ only f ixed instrumentation so 

that pump overa l l  performance r e s u l t s  a r e  the  primary output. 

An overal l  view of t h e  l iquid-fluorine t e s t  fa- 

Both are closed-loop systems incorporating 

Capabili ty 

for visua l iz ing  the  liquid-oxygen flow i n  the  i n l e t  port ion of t he  pump 

has been provided. 

Several successful  t e s t s  pumping l i q u i d  f luor ine ,  including some 

under cavi ta t ing  flow conditions, have been made. This t e s t  f a c i l i t y  

and some performance r e s u l t s  are discussed i n  more d e t a i l  i n  reference 8. 

High- and low-pressure alkali-metal-pump t e s t  f a c i l i t i e s .  - The p r i -  

mary purpose of these t e s t  f a c i l i t i e s  i s  t o  supply experimental r e s u l t s  
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of cavi ta t ion  damage occurring i n  pump ro to r s  (including t h a t  f o r  long- 

term operation) and of the e f fec ts  o f  cav i ta t ion  on pump performance. 

The data obtained w i l l  a l s o  supply some input toward s tudies  of s ca l e  

e f f e c t s  and s tage matching. Investigations of inducers w i l l  be conducted 

i n  t h e  low-pressure loop w h i l e  complete pump u n i t s  (inducer plus  cen t r i f -  

ugal impeller)  w i l l  be t e s t ed  i n  the high-pressure loop. Eventually the 

capabi l i ty  f o r  in jec t ing  high-pressure f l u i d  upstream of the  inducer in- 

l e t  w i l l  probably be incorporated into both systems. 

Both tes t  loops have been operated with l i qu id  sodium at tempera- 

tures up t o  1500' F f o r  various operating periods up t o  approximately 

40 hours. Operation times experienced thus far have been l imited by seal 

and bearing failures a6 w e l l  as by instrumentation problems (pa r t i cu la r ly  

torque measurement accuracy). 

The invest igat ion presently being car r ied  out i n  the  low-pressure 

loop serves as an example of the type of information t h a t  will be obtained 

from these tes t  f a c i l i t i e s .  

made of three d i f f e ren t  mater ia ls  (three blades of each mater ia l )  has been 

ins ta l led .  

mined, and then t h e  ro to r  w i l l  be operated f o r  approximately 100 hours at  

An inducer-type blade row with nine blades 

The cavi ta t ion  performance of the  ro to r  w i l l  first be deter-  

some selected f l u i d  temperature and i n l e t  pressure i n  t he  cavi ta t ing  

range. 

Observed material damage w i l l  then be correlated w i t h  t h a t  induced by ac- 

ce le ra ted  methods (such as w i t n  magnetostrictive devices). 

The ro to r  w i l l  then be removed and examined f o r  cavi ta t ion  damage. 

Schematic diagrams of these two t es t  f a c i l i t i e s  are shown i n  Figs. 

Overall views of t he  two test  f a c i l i t i e s  are shown i n  Figs. 22 and 23. 

24 and 25. 



Venturi test f a c i l i t y .  - This test f a c i l i t y  is operated by t h e  Flow 

physics Branch i n  a study of f l u i d  tension observed under dynamic flow 

conditions. 

water, nitrogen, and Freon 114. Projected research f o r  t h i s  f a c i l i t y  

includes operation with a number of d i f f e ren t  Venturi sect ions and pos- 

s i b l y  with other  f l u i d s  including l iqu id  hydrogen. R e s u l t s  w i l l  be ap- 

p l ied  t o  t h e  study of scale effects and t o  a i d  i n  es tabl ishing conditions 

f o r  obtaining equilibrium between vapor and l i qu id  i n  cavi ta t ing  regions. 

A schematic diagram of t h i s  f a c i l i t y  i s  presented i n  Fig. 26. A de ta i l ed  

descr ipt ion of t h i s  f a c i l i t y  as w e l l  as tes t  r e s u l t s  are  contained i n  

references 9 and 10. 

To date a s ingle  Venturi sec t ion  has been operated with 

CONCLUDING RFSIARKS 

The deleter ious e f f ec t s  of cavi ta t ion have long forced compromises 

i n  t h e  design and/or operation of flow systems and the i r  components. 

respons ib i l i ty  within the  NASA Lewis Research Center of studying thLs flow 

phenomenon (and i ts  e f f ec t s )  i n  turbomachinery and, i n  par t icu lar ,  i n  t h e  

pumping of high-energy propellants (cryogenic l iqu ids)  and alkali m e t a l s  

falls t o  t h e  Pump Branch of t he  Fluid Systems Conponents Division. This 

paper has b r i e f l y  summarized t h i s  group's program objectives,  the  faci l i -  

t i es  u t i l i z e d  t o  supply experimental information, the  type of data ob- 

served, and how these data apply toward s a t i a t i n g  these objectives.  To 

supplement t h i s  e f f o r t ,  NASA a l s o  m a i n t a i n s  extensive contract  research 

e f f o r t  w i t h  various companies and univers i t ies .  These e f f o r t s  are co- 

ordinated w i t h  and supply additional input t o  €he in-house a c t i v i t i e s  but 

The 

are not discussed i n  t h i s  paper, 
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Figure 1. - Schematic diagram of  cold-water tes t  f a c i l i t y .  



Figure 2 .  - Cold-water t e s t  f ac i l i t y .  
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Figure 3. - Pressure measuring instruments. 



Figure 

(b) Static pressure wedge. 

3. - Concluded. Pressure measuring instruments. 
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inducer (Ref. 1). 
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Figure 5. - Cavitation photographed with a 
1 6  millimeter camera a t  a framing r a t e  of 
6000 frames per second u t i l i z i n g  a con- 
tinuous l i g h t  source. 



F ' igure 6a. - Film s t r i p  sequenc 
showing unsteady type  of cavi 
t a t i o n  for a 76' f l a t - p l a t e  
h e l i c a l  inducer (Ref. 1). F i  
s t r i p  was obtained by a 1 6  
mi l l imeter  camera a t  a framin 
r a t e  of 24 frames per second 
with a stroboscopic l i g h t .  
CD = 0.1477. 



F i g u r e  6b. - Concluded. Fi lm- 
s t r i p  sequence showing s t e a d y  
t y p e  c a v i t a t i o n  in .breakdown 
r e g i o n .  Q = 0.1162. 



(a) cp = 0.1477. 

(b) cp = 0.1162. 

Figure 7 .  - Tip vol-tex ca>-it&.tlon st 2 high Tvrapje of 
system i n l e t  p ressure  (HSV) f o r  a 78' f l a t - p l a t e  

h e l i c a l  inducer (Ref. 1). A 70 mi l l imeter  camera 
w a s  u t i l i z e d  with a 1/2 microsecond f l a s h .  



b) 

Figure 8. - Overall views of cavitating inducer illustrating 
use of tufts mounted in outer casing to aid in describing 
changes in inlet flow conditions as system inlet pressure 
is reduced. 
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Figure 16. - Boiling-fluid-pump test facility. 
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F i g u r e  21 .  - Liquid-f luorine-pump t e s t  f a c i l i t y .  
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